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ROBUSTNESS AND QUALITY OF SQUAT PREDICTIONS IN SHALLOW WATER 
CONDITIONS BASED ON RANS-CALCULATIONS 
 





Estimating ship squat is necessary to maintain safe navigation in the approach channel. The trim pattern of ships in shallow 
and restricted water can vary from trim bow down to stern down or variable trim orientation in dependence of the speed. 
The sinkage and trim pattern of three Postpanmax container ships in shallow and confined water are predicted by using a 
RANSE based CFD method, and the developed CFD setup is applied to the DTC container ship of the 5th MASHCON 
2019. The predicted results are compared with the model test data to analyze the robustness of the CFD method and the 
quality of squat prediction. The presented RANS method is robust and the quality of the predicted squat values is better 




Ams  Underwater midship section area (m²) 
Ac  Underwater section area of the channel 
(m²) 
B  Beam (m) 
BS  Bias (-) 
cB  Block coefficient (-) 
cp Pressure coefficient (-) 
Fh  Depth Froude number (-) 
g  Gravitational acceleration (m/s²)  
h  Water depth (m) 
LPP  Length between perpendiculars (m) 
λ  Scale factor (-) 
S  Blockage factor (-) 
SBow  Squat at bow position (m) 
SCoG  Sinkage at ship’s center of gravity (m) 
SStern  Squat at stern position (m) 
T  Draft (m) 
V  Ship speed (m/s) ∇  Displacement (m³) 
Q  Quality score (-) 
 
BAW  Federal Waterways Engineering and 
Research Institute 
CoG  Ship’s center of gravity 
DTC  Duisburg Test Case 
PPM  Postpanmax container ship 
UKC  Under keel clearance 




The prediction of squat for ships in extreme shallow water 
conditions is important to maintain safe navigation in 
channels and harbors. When large squat occurs at small 
under keel clearance (UKC), the ship can encounter 
grounding. This can damage both the ship and the 
waterway infrastructure. Ship dimensions have continued 
to grow in the last years. Harbors, such as the port of 
Hamburg together with federal authorities, have to adapt 
the navigation channel to provide unobstructed and safe 
access to the port. Predicting squat in advance is vital for 
this task.  
 
The Federal Waterways Engineering and Research 
Institute (BAW) provides engineering consultancy work 
for the waterways and shipping administration (WSV) in 
Germany. This includes simulations of ship 
hydrodynamics in shallow water for the design of 
waterways. In this context, squat is an important 
parameter to estimate the dimensions of navigational 
channels.  
 
In the past, physical model tests were conducted for this 
task. RANSE based CFD simulations can be used if these 
models are validated with experimental data to maintain 
the reliability of the results. For the used CFD model it is 
important to cover a wide range of ships and geometrical 
setups to ensure the robustness of the method. In this 
study, the robustness of the developed setup is presented 
by simulating trim and sinkage for ships with different 
trim and sinkage patterns.  
 
Assessing the quality and uncertainty of predicted results 
is important for the engineering consultancy work. In 
particular, the reliability of trim predictions has not been 
investigated extensively. The accuracy of sinkage and trim 
predictions in this study is evaluated by a comparison 
between model test data and computed results of CFD 
simulations.   
 
Additionally, the developed setup is used to calculate 
sinkage and trim for the 5th MASHCON 2019 benchmark 
case, in which the DTC (Duisburg Test Case) is 
experimentally tested. Results of simulations and model 
tests are presented and compared with each other. 
 
2 STATE OF THE ART OF SQUAT 
CALCULATION 
 
When entering shallow water, the flow field around the 
ship changes.  The flow velocity around the hull and 
between the channel floor and keel increases, which 
causes a dynamic sinkage and trim of the ship. Sinkage 
combined with the trim angle determines the maximum 
occurring squat either at the bow or the stern of the ship. 
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This maximum squat is important for the design of 
waterways.   
 
For waterways, three different channel conditions exist: 
Unrestricted channels with no lateral boundaries, confined 
or restricted channels with an underwater trench, or 
canals, which have emergent banks at the side, often 
represented as a single slope. In canals, the strongest 
influence of the geometrical boundaries on the sinkage 
and trim is observed. Therefore, this paper focusses on 
ships in canals. 
 
Several parameters influence ship squat: Water depth h to 
draft T ratio (h/T), blockage factor S, ship speed V as well 
as the underwater hull shape of the ship with the associated 
block coefficient cB. Decreasing water depth leads to 
increased flow velocity around the hull with larger squat. 
To describe the influence of geometrical boundaries on 
squat, the blockage factor S is used. It is defined as the 
ratio of the underwater section area of the channel Ac to 
the underwater midship section area Ams as S = Ac/Ams.  
 
A large number of different methods exists to calculate 
squat. These are mainly dependent on some of the 
parameters given above. In the following, a brief overview 
of the methods to estimate ship squat is presented.  
 
2.1 PHYSICAL MODEL TESTS 
 
Physical model tests have a long history in the marine 
industry. Several marine towing tank facilities exist all 
over the world and are still extensively used. Model testing 
of ships in shallow water are conducted by different 
institutions.  
 
Model tests of the KCS (Kriso Container Ship) were 
carried out at the Development Center for Ship 
Technology and Transport Systems (DST) in Duisburg as 
presented by Mucha and el Moctar (2014) and for the DTC 
presented by Mucha et al. (2014). 
 
Flanders Hydraulic Research conducted tests of the 
KVLCC2 hull in shallow water  with different canal width 
and different side wall distances as presented in Lataire et 
al. (2012). As another example, the DTC has been 
extensively tested in shallow water and waves for the 5th 
MASHCON 2019 benchmark (van Zwijnsvoorde et al. 
(2019)).  
 
The BAW in Hamburg conducted model test of different 
ships in shallow water. Examples for sinkage and trim 
measurements of a containership (DTC) are given by 
Uliczka (2010). A general overview of different ships and 
squat measurements can be found in  Gourlay et al. (2015), 
which includes two Postpanmax container ships tested at 
BAW.   
 
Model tests can be used to determine forces, moments, 
sinkage and trim and ship induced loads in shallow water. 
Measurements of local flow patterns are difficult and 
might disturb the flow field.  In contrast to this, CFD 
simulations allow a deeper insight into the flow field at 
any positions without disturbing it. CFD simulations are 
time consuming but more flexible in changing the model 
setup compared to model tests. 
   
Nevertheless, model tests are still of huge importance for 
the validation of CFD simulations to ensure quality and 
reliability of the results.  
 
2.2 EMPIRICAL FORMULAE AND 
ANALYTICAL METHODS 
 
The following selection of equations for squat is well 
known and often cited: 
 
 ICORELS (1980)  
 Barrass (1979) 
 Yoshimura (1986)  
 Römisch (1989) 
 
These squat formulae are either limited to certain types of 
channels (unrestricted, channel and canal) and/or are only 
valid for a certain range of parameters such as h/T, cB or 
depth-Froude-number Fh. Predicting squat with these 
equations for different ships with varying dimensions in 
varying channel geometries can lead to inaccurate results.  
 
Some formulae only give results for the bow squat, others 
only the maximum squat, independent of the position, at 
which the maximum squat occurs. A change of the trim 
orientation dependent of the ship’s speed is not considered 
within these formulae. Examples of different squat values 
calculated by formulae for the same parameters are given 
for a bulk carrier in Demirbilek and Sargent (1999) and for 
different ships in Briggs et al. (2009). These results are 
also compared with experimental data. 
 
Besides empirical formulae, methods based on slender 
body theory exist to calculate squat. As an example, 
Gourlay et al. (2015) investigated trim and sinkage of 
different container ships with slender body theory. It was 
found that slender body theory underpredicts the sinkage 
in narrow and/or restricted channels. Today’s large ships, 
with lengths of up to 400 m, beams over 60 m and 
increased drafts are beyond the limits of slender bodies.  
 
Accurate and robust squat predictions for all ships and 
channel geometries are difficult to obtain with empirical 
formulae and analytical methods without using 
corrections. 
 
2.3 COMPUTATIONAL FLUID DYNAMICS 
 
There are methods based on potential theory, which can 
be used to calculate squat in shallow and confined water. 
Low computational power requirements for these methods 
allow fast simulation times.  
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In the investigation of Gourlay et al. (2015), the results for 
sinkage of a Rankine source method showed better 
agreement with experimental data in comparison to 
slender body theory. As another example, Mucha et al. 
(2016) found a boundary element method (GL Rankine) 
to be able to predict midship sinkage at low moderate 
speed with good accuracy. Three ships were investigated 
with larger deviations to experiments found at higher 
depth Froude numbers, especially for trim predictions. 
 
RANSE based simulations used for squat predictions are 
more time consuming but take into account the viscous 
effects. Increased computational power and parallelization 
have led to shorter simulation times so that RANS 
simulations have become more feasible in the past years. 
Setup and numerical settings for simulations of ship 
motions in shallow water are still difficult compared to 
deep water simulations: the small gap between ship and 
the channel floor is a source of numerical instability and 
can cause simulations to be aborted.  
 
In the following, an overview of latest RANS based 
investigations of trim and sinkage for ships in shallow 
water is presented. Latest developments in CFD, 
recommendations and validation aspects are presented. 
 
Jachowski (2008) investigated ship squat of the KCS for 
different speeds and h/T ratios down to 1.2 using Ansys 
FLUENT. Squat was compared with several empirical 
formulae and good agreement was found. Trim was not 
considered and no dynamic mesh motion was used.  
 
Tezdogan et al. (2016) presented the squat and resistance 
of the DTC advancing through a canal with STAR-CCM+ 
and compared the results with experimental data of  
Uliczka (2010). DFBI Translation & Rotation method was 
used, which moves the whole computational domain. A 
comparison was made only for sinkage at Center of 
Gravity (CoG), which was within 10 % of the 
experiments, whereas the trim was not evaluated. 
  
Mucha et al. (2016) studied the resistance and squat of 
three ships. The DTC, KCS and KVLCC2 were simulated 
with a RANS method and the results were compared with 
experimental data. Trim predictions had larger deviations 
to experiments than the midship sinkage. Therefore, 
further validation of trim predictions is important. 
  
Liu et al. (2017) used STAR-CCM+ to investigate the 
hydrodynamic forces and squat in confined waters for two 
ships (KVLCC2 and KCS). Sinkage and resistance results 
of the CFD simulations are presented and compared to 
experimental data. A promising agreement for sinkage 
was found. The trim has not been analyzed and validated 
with experimental data.  
 
A comprehensive study of the DTC is done by Terziev et 
al. (2018) by investigating the DTC in a stepped channel 
at h/T =1.3. The DFBI Rotation and Translation technique 
of STAR-CCM+ was used, where the whole 
computational domain follows the body motion. Sinkage 
and trim have been compared to results from slender body 
theory, in which some disagreement between the Slender-
Body theory and CFD results was found in particular for 
larger speeds. A comparison with experiments has not 
been made. For larger trim angles, the free water surface 
was pierced by the domain boundaries. The authors 
suggest using overset mesh to overcome this but also 
mentioned the possible collision of the overset mesh with 
the channel bottom at small UKC.  
 
For small h/T ratios, Shevchuk et al. (2016) investigated 
the flow field in the gap between ship hull and river 
bottom with URANS and hybrid LES-URANS 
simulations. The boundary layer was found to grow on 
both the ship hull and channel bottom. This leads to 
remarkably viscous effects, which are neglected in 
potential theory.  The conducted hybrid LES-URANS 
simulations, which are more costly, showed the existence 
of flow separation structures for small h/T ratios, 
nevertheless, in comparison to pure URANS simulations, 
a change of mean dynamic sinkage and trim was not found 
for the hybrid simulations.  
 
Several investigations of RANS simulations covered the 
calculation of trim and sinkage in shallow water. The main 
focus of the validations was predominantly on sinkage at 
CoG, which can be accurately predicted with RANS 
simulations. Validation of trim has not been conducted 
extensively, which is necessary to ensure improved 
reliability and quality of squat predictions with CFD 
simulations.  
    
3 NUMERICAL INVESTIGATION OF SHIP 
SQUAT IN EXTREME SHALLOW WATER 
 
In this investigation RANS simulations are used to predict 
trim and sinkage of ships in extreme shallow water with a 
water depth to draft ratio h/T of less than 1.2. At this water 
depth, a significant influence of the channel bottom on 
trim and sinkage is observed. 
 
Results of sinkage and trim for ships in shallow water at 
different speed V and water depth h can be compared by 
using the depth Froude number Fh. It is defined as 
 𝐹ℎ = 𝑉√𝑔ℎ ,      (1) 
 
where g is the gravitational acceleration. It expresses the 
relation between ship speed and maximum wave velocity 
in shallow water. Additionally, sinkage and trim are 
influenced by the blockage factor S. With decreasing 
blockage factor, the influence of lateral boundaries (e.g. 
slopes, banks) and horizontal boundaries (channel bottom) 
increases and leads to increased squat.  
 
In the following test cases, blockage factor S and depth 
Froude number Fh are varied to study the influence of 
these parameters on sinkage and trim. 
 




bow and stern and at close proximity around the hull with 
small isotropic cell size. A small vertical cell size is used 
to accurately discretize the gap between ship hull and 
channel bottom.  
 
3.3 NUMERICAL METHOD 
 
The numerical method used by STAR-CCM+ is the 
Finite-Volume-Method (FVM), which solves the RANS 
equations for incompressible fluids in the integral form. 
Further details of numerical fluid dynamics are given in 
the book of Ferziger and Perić (2002). A SIMPLE 
algorithm (Semi-Implicit Method for Pressure Linked 
Equations) is used to link the continuity equation to the 
momentum equations. Convective terms in the RANS 
equations are discretized using a second order upwind 
scheme. All integrals are approximated using the midpoint 
rule, which is of second order accuracy.  
 
For capturing the free water surface, the Volume of Fluid 
(VoF) method is implemented (Hirt and Nichols (1981)). 
The convective transport of volume fraction is discretized 
with the High Resolution Interface Capturing (HRIC) 
scheme of Muzaferija et al. (1998). The transient term of 
the equations is discretized by a first order implicit 
unsteady method and the time step size is always set to 
fulfill a Courant number smaller than one. For turbulence 
closure, the k-ω SST-Menter turbulence model with all y+ 
wall treatment is used. In this study, the y+ values are 
always forced to be in the range of 30 < y+ < 80 throughout 
all simulations by setting an appropriate near wall 
thickness y at the wall.  
 
DFBI-Morphing (Dynamic Fluid Body Interaction) is 
used for the ship’s sinkage and trim motions. The method 
moves mesh vertices according to the dynamic trim and 
sinkage motions of the ship. This is done in order to avoid 
piercing of the free water surface by the moving domain 
boundaries, which follow the body motion, and to avoid 
gradients of the still water level when DFBI Translation 
and Rotation is used instead. 
 
3.4 REALIZATION AND METHOD OF 
ANALYSIS 
 
At the beginning of the simulation, the ship motions are 
fixed for 70 s. Thereafter the fluid forces are ramped up 
for 30 s to minimize strong initial motions of the ship. 
Each velocity is simulated for 400 s to ensure 
convergence. 
 
Initially, the flow velocity is increased with larger 
increments, when the squat is small. At higher velocities, 
smaller increments are used to avoid the grounding of the 
ship. A momentum source term is used when the fluid 
velocity is increased during the simulation to avoid the 
creation of an unwanted gravity wave. Sinkage and trim 
are evaluated by calculating the mean of the last 100 s for 
each velocity. The squat is also evaluated at two positions 
(bow and stern), which correspond to the squat 
measurement positions in the experiments.  
Most of the simulations are conducted on 32 to 96 cores, 
depending on the number of cells of the mesh. The runtime 
for one velocity (400 s of simulation time) is in the range 




To get an initial assessment of the reliability of the CFD 
model results, convergence and mesh studies are shown 
first. 
 
4.1 SINKAGE AND TRIM CONVERGENCE 
 
For case A1 (PPM55 with S = 10) Figure 5 presents the 
time series of sinkage at CoG, trim and ship speed. 
 
 
Figure 5. Case A1 - time series of sinkage at CoG,   
trim and ship speed V, consisting of eight 
different speed sections.  
 
Converged sinkage and trim are observed initially after 
approximately 200 s until the flow velocity is increased. 
At higher speed, the motion also converges within this 
time interval. The dashed lines mark the evaluation 
intervals for the calculation of mean values of sinkage and 
trim used later. In these evaluation intervals, a low noise 
level throughout all velocities is observed. The relative 
standard deviation is less than 4 % for trim and less than 1 
% for sinkage and squat at bow and stern. 
 
4.2 MESH UNCERTAINTY 
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for PPM55 and up to Fh = 0.55 for PPM40. Above these 
speeds, there is a stronger influence of the blockage factor 
on the trim, particularly for the smallest blockage factors 
(A1 and B1). Following this, sinkage and trim are strongly 
influenced by the blockage factor. Larger differences 
between both ships are observed at higher depth Froude 
numbers (Fh > 0.5).  
 
 




Figure 10. Nondimensional sinkage and trim for cases 
B (PPM40) 
4.5 VALIDATION FOR CASE A1 
 
Squat predictions at bow and stern for case A1 are 
presented in Figure 11, in which CFD simulations and 
experimental fluid dynamics (EFD) results are compared.  
 
 
Figure 11. Case A1 - squat at bow and stern for CFD 
and EFD 
 
Deviations of bow squat are smaller at low speed, whereas 
bow squat is overpredicted by CFD at higher speed. 
Overpredicted bow squat at higher speed might be caused 
by the two different setups: CFD simulations are 
conducted without propeller whereas the EFD tests 
include propeller. The predicted stern squat by CFD is 
slightly underpredicted. 
 
A different perspective on the results can be made by 
comparing sinkage and trim (Figure 12). The sinkage is in 
good agreement with the experiments with a slight 
overprediction at higher speed, whereas the trim angle of 
the CFD simulations is significantly larger. Larger 
deviations in squat at higher speed (Figure 11) can be 
explained by the inaccurately predicted trim angle, while 
the sinkage is more accurately predicted. 
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Figure 12. Case A1 - sinkage and trim for CFD and 
EFD 
 
4.6 EVALUATION OF QUALITY 
 
The quality of predicted sinkage at CoG, squat at bow and 
stern and trim is investigated by comparing the predicted 
values with experimental data. A quality score Q is 
defined as the square root of the mean of all squared single 
deviations i = 1...n between CFD and EFD as  





Normalization by the EFD values has the advantage that 
the score can be interpreted as a percentage value. As an 
example, a score of 0.09 means 9 % deviation of the CFD 
results compared to EFD. Therefore, a small quality score 
Q means small deviations of CFD compared to EFD. To 
calculate the quality score of a value X, the numerical 
results are linearly interpolated to the measured speed of 
the experiments. Interpolation is only done for speeds 
within the conducted velocity range of the simulations.  
 
To detect a systematic deviation, the tendency or bias BS 
of the deviations is calculated with  
 𝐵𝑆 = ∑ 𝑠𝑔𝑛(𝑋𝐸𝐹𝐷,𝑖 − 𝑋𝐶𝐹𝐷,𝑖)𝑛𝑖=1 .   (3) 
 
The following example illustrates the interpretation of the 
bias parameter BS: -8/8 means that all eight single 
differences out of n = 8 velocities are negative – a 
systematic overprediction. Values of 8/8 means a 
systematic underprediction and values of -4/8 can be 
interpreted as an unsystematic deviation. 
 
In Table 4, the quality score Q and bias BS are presented 
for all investigated test cases. Altogether 69 experimental 
results for squat are compared with the results of the CFD 
simulations. 
 
The quality score of all squat predictions at bow and stern 
is below 20 % except for case A1 at the bow and C1 at the 
stern. A quality score of less than 20 % for squat is an 
acceptable limit, since the experimental results also 
possess uncertainties, particularly at higher speed, as 
discussed later.   
 
Compared to squat, the quality score of the trim 
predictions is significantly larger with more than 64 %. 
Due to angle relation between trim and squat at bow and 
stern with quantitatively small absolute angles, large 
deviations in trim do not lead to deviations of the same 
magnitude for bow and stern squat. Therefore, the quality 
score of squat at bow and stern is more important from a 
practical point of view.  
Table 4. Quality score Q and bias BS of squat at bow, stern, CoG and trim for all cases  
 Quality score Q (-) Bias BS (-) 
Case SBow SStern SCoG Trim SBow SStern SCoG Trim 
A1 0.28 0.13 0.09 0.66 -6/8 8/8 -2/8 -8/8 
A2 0.09 0.14 0.05 0.64 -6/8 8/8 4/8 -8/8 
A3 0.15 0.18 0.08 0.73 -4/8 8/8 2/8 -8/8 
A4 0.20 0.14 0.06 0.74 -4/5 5/5 1/5 -5/5 
B1 0.19 0.13 0.13 2.18 -8/8 0/8 -6/8 -8/8 
B2 0.05 0.13 0.05 1.11 -4/6 6/6 6/6 -6/6 
B3 0.07 0.12 0.06 1.03 -8/8 6/8 2/8 -8/8 
B4 0.13 0.16 0.09 0.90 -4/6 4/6 2/6 -6/6 
C1 0.09 0.39 0.25 1.01 2/12 12/12 12/12 -12/12 
    Sum -42/69 57/69 9/69 -69/69 
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Throughout all cases and all velocities the bias for trim is 
negative (-69/69). Negative bias means, the predicted trim 
of the simulations is systematically more bow down or 
larger than in the experiments.  
 
By calculating the full scale values for squat at bow and 
stern, the absolute deviation in squat is between -0.32 m 
and 0.33 m, if test case C1 is not included, otherwise the 
upper limit is 1.0 m. With increasing speed, the deviations 
also increase slightly. The absolute error for trim, is 
between -0.12 ° and -0.007° for all simulations, which is 
relatively small. 
 
Uncertainties of the simulations have been investigated 
and discussed before. However, the measurements also 
include uncertainties which must be considered. To 
exemplify, the variations of the experiments are 
investigated for test case C1. In Figure 13, sinkage and 
trim are presented for both CFD and EFD with minimum 
and maximum values inside the evaluation interval 
presented as bars. 
 
 
Figure 13. Case C1 - sinkage and trim with minimum 
and maximum values for EFD and CFD 
 
Variations of the CFD simulations are significantly 
smaller as for the EFD model tests. Particularly variations 
of trim are higher at higher speed. Due to the limited 
length of the towing tank, the ship model’s motions 
possess less time to converge in contrast to the CFD 
model. Since the trim angles of the CFD simulations do 
not lie inside the variation range of the experiments, the 
predicted trim angle is systematically different. 
 
The systematic deviation of the trim angle might be caused 
by the different setups: All CFD simulations in this study 
are conducted without propeller, whereas all experiments 
are conducted with self-propelled ships. 
 
5 APPLICATION OF METHOD FOR 
MASHCON BENCHMARK DATA (DTC) 
 
Furthermore, the developed setup is used for the provided 
DTC benchmark data of the 5th MASHCON 2019. Since 
the main focus of this MASCHON is on maneuvering in 
currents and waves this paper focus only on the test cases 
without waves. Due to the low squat values for the first 
benchmark case C1, only the two remaining still water 
cases are considered, named here as DTC-C2 DTC-C3.  
 
In the provided benchmark data by van Zwijnsvoorde et 
al. (2019), the DTC is experimentally tested in shallow 
water and waves at a model scale of 89.11 in a laterally 
restricted canal. Main dimensions of the DTC and the test 
case parameters are presented in Table 5. 
 
Table 5. Main dimensions of DTC at model scale and 
test case parameters  
LPP (m) 3.984 
T (m) 0.163 
B (m) 0.572 
cB (-) 0.661 
 
Case h/T (-) V (m/s) S (-) 
DTC-C2 2.0 0.872 29.8 
DTC-C3 1.2 0.327 24.8 
 
Figure 14 and Figure 15 show the measured sinkage at 
CoG and squat at bow and stern position for both cases. 
The original time signal is filtered to eliminate the noise. 
In both cases the ship trims bow down with DTC-C3 
having a smaller squat. Resulting values for SBow, SStern 
and SCoG are extracted by calculating the mean in the 
dotted time intervals (50 - 70 s and 100 - 140 s). 
 
 
Figure 14. Benchmark case DTC-C2 - sinkage at CoG 
and squat at bow and stern position from 
experiments 
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Figure 15. Benchmark case DTC-C3 - sinkage at CoG 
and squat at bow and stern position from 
experiments 
 
Simulations for these two test cases are set up with similar 
numerical settings and mesh to maintain comparability to 
the results presented before. The volume mesh consists of 
1.71 million cells for DTC-C2 and 2.58 million cells for 
DTC-C3.  In contrast to the previous results both methods 
– EFD and CFD - have the same setup without propeller. 
 
Figure 16 shows the convergence plot of the CFD 
simulation of sinkage and trim. Converged motions are 
observed after 200 s and the mean values are calculated in 
the dotted time interval (300 to 400 s). 
  
 
Figure 16. Benchmark case DTC-C2 and DTC-C3 - 
CFD results for sinkage at CoG and trim  
 
A comparison of predicted and measured sinkage, squat at 
bow and stern,  trim as well as the quality score is 
presented in Table 6.  For DTC-C2 the quality score of 
sinkage and squat is below 9 % and less than 7 % for trim.   
 
For DTC-C3 the predicted sinkage and squat at both 
positions is underpredicted, with a higher quality score of 
less than 24 %. The quality score of the trim angle is 
smaller compared to the PPM container ship simulations 
with only 14.5 %. Since the sinkage and squat values are 
very low in this case with a maximum of 1.5 mm, the 
absolute deviations in squat are acceptable. 
 
Table 6. Results of EFD and CFD for DTC 











SCoG 0.0066 0.0061 0.084 
SBow 0.0083 0.0077 0.078 
SStern 0.0045 0.0046 0.084 
Trim 0.0477 0.0444 0.069 
DTC-C3 SCoG 0.0014 0.0010 0.230 
SBow 0.0015 0.0012 0.223 
SStern 0.0012 0.0010 0.238 
Trim 0.0037 0.0031 0.145 
 
In contrast to the simulation results of the three PPM ships 
presented before, trim deviations are much smaller, with a 
maximum quality score of 14.5 % (DTC-C3) compared to 
a minimum quality score of 64 % (A2).  
 
The systematic overprediction of trim is not observed for 
this benchmark, which emphasizes the assumption of the 
systematic trim deviation being caused by the different 




The ability of RANS simulations to conduct squat 
predictions in laterally confined shallow water was shown. 
Robustness of the method was shown by the ability to 
simulate sinkage and trim for three different PPM 
container ships with different trim patterns. Different 
channel configurations and varying blockage factors led to 
different trim and sinkage patterns. 
 
To quantify the accuracy of the CFD simulations, a quality 
score was introduced and calculated for the results of 69 
experiments in total. Furthermore, the bias of deviations 
between EFD and CFD was presented to investigate the 
nature of deviations - systematic or not.  
 
The overall deviation of squat predictions for all 
investigated ships was found to be less than 20 % or 
between -0.32 m and 0.33 m in full scale, with two 
exceptions. In comparison to squat, trim showed a 
systematic deviation (overprediction) between 
simulations and experiments, but the angle deviations 
were relatively small with values between -0.12 ° and -
0.007 °. 
 
Systematic trim deviations might be caused by the 
different setup of CFD simulations and EFD model tests: 
the CFD simulations do not include a propeller, whereas 
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the ships are self-propelled in the experiments. This result 
was emphasized by the simulation results of the 5th 
MASHCON 2019 benchmark. A fair agreement between 
numerical results and the experiments was found due to 
the similar setup with both ships being towed without a 
propeller. In contrast to the PPM container ship 
simulations before, the trim angle was more accurately 
predicted. 
 
When considering and focusing on a quality parameter of 
CFD simulations, the accuracy of the measurements with 
the experimental model setup constrains should not be 
ignored. Considering this, a quality score of 10 to 20 % 
seems an appropriate value. 
 
In further research work, improved predictions of squat by 
CFD can be expected by including a propeller model – 
either a virtual disc or a geometrically resolved propeller. 
Furthermore, the influence of the propeller can be 
quantified as well as the effort required by implementing 
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